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(54) Combining chemical reagents 

(57) The invention is a method of com- 
bining chemical reagents and compris- 
es the steps of: . 

1) Dispensing the reagents into a 
conduit system in the form of discrete 
volumes or droplets separated from 
each other by an innert immiscible 
liquid, and 

2) Moving the inert liquid and dis- 
crete droplets in such a manner that 
predetermined discrete volumes 



coalesce with each other, thereby com- 
bining the reagents. The prefered 
apparatus for carrying out the method 
comprises a plastic block (2) with mde- 
ntations (3) which is clamped against a 
glass plate (4) forming closed conduits 
which are connected to reservoirs of 
light mineral oil. or silicon oil, by thin 
tubing (9) and valves (10). All the con- 
duits are initially filled with the oil then 
the second and fourth tubes are used to 

(57) continued overleaf... 




.gur 
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introduce two reagents, which are sepa- 
rated into two smaller volumes at the 
T' junctions then these smaller 
volum s are merged atthe'Y' junction 
by withdrawing oil from the center 
conduit. 



Figure 1. 
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Figure 8. 
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SPECIFICATION 
Droplet R act r 

5 This invention relates to a method for combining 
' reagents and to apparatus for -e there.n. 

The method of the invention may be used tor 
initiating and controlling a chemical reaction or 
preparing mixtures of reagents and comprises the 

'° ''^1)' dispensing two or more reagents, optionally 
in a solvent phase, into a conduit system in the form 
of discrete volume being separated from each other 
by an inert immiscible liquid, and 

15 2) moving the inert immiscible liquid and d 8- 
crete volumes through the conduit system in such a 
manner that that predetermined discrete yolumes 
coalesce with each other thereby combining the 

20 '^The"s?stem is particularly suited to the manipula- 
tion of microscopic quantities « /"f ' 
volumes of less than one microlitre, but larger 
quantities of up to several litres could a so be used. 
Tn any application, the particular advantages of the 

25 svsjem will be^^^^ manipulated quickly and 

^*2r*"oMes"^f material by spillage or adhesion to 
glassware, and contamination are substantially eli- 

30 minatedand . i^„i-«„Hi«fis 

3) automation of the process is simple and less 
complex than in conventional methods. 

The reagents should be either liquids, or gases 
which can be condensed at the operating tempera- 
35 ture and pressure of the apparatus, or solids or 
gases dissolved in a suitable solvent. This reagent 
liquid, hereafter referred to as a reagent, w'l be 
supported and moved by another, "^""S<='b'« J'^""^' 
referred to hereafter as the carrier phase. Suitable 
40 carrier phases include mineral oils, water, light 
silicons or Freons. The carrier phase may also be a 
mixture of several substances, and preferably has 
approximately the same density as the reagents. 
Surface acting agents may also be included m the 
45 carrier and/or reagent phases to produce suitable 
surface properties, for example to ^"ovv e«'c le^^^^^ 
merging. Suitable carrier phases ' ,no 

sodium dioxyl. succinate Teepol. and Tnton-X-100. 
The liquid components will be contained m a 
50 system of tubes and conduits allowing the droplet 
of reactant to be moved by the carr.er Phase so as ««> 
be merged with the droplets containing other rea- 
gents, and to the divided into small d^oP'f '^ J^*^^^ 
cross-section of the tubes is generally of the same 
55 order of magnitude as the cross-section of the 
droplets which are to be used in them. The carrier 
phase may be moved by any suitable '"eans e^g. 
pumps and pistons. The pistons can conveniently be 
moved by screw threads operated by electric 
60 motors, optionally controlled electron.callv by mic- 
roprocessor technology. 
- For aqueous reagents, glass tubing and a light 
silicon carrier phase would be particularly suitable, 
as .his combination would prevent wetting of the 
65 glass, due to a strong interaction at the glass-su.con 



interface. .„ . 

Figure 1 of the accompanying drawing illustrates 
one method of breaking of droplets of a predeter- 
mined volume from a larger reservoir of reagent 
70 The reagent is introduced into a tube containing 
carrier phase (1 ) from a side arm (2) by being sucked 
or pushed through a small opening (3). When the 
correct volume has passed into the tube, it is 
separated and carried away by a current of carrier 
75 phase, down the tube. ^ 

The volume of the droplet (4) produced, can be 
determined by three methods: 

(a) The piston responsible for pushing the rea- 
gent through the opening is moved a measured 

80 distance. When this movement is complete, the 
droplet is broken off by a relatively fast but short- 
lived current in the tubed). 

(b) Alternatively, if large numbers of droplets are 
required, a continuous flow of reagent through the 

85 opening will be produced, while a continuous cur- 
rent of carrier phase flows down the tube. When 
each droplet almost spans the tube, it will be broken 
off The exact size of the droplets produced will 
depend on the relative and absolute magnitude of 

90 the two currents. . 

(c) The volume of the droplet before separation 

is estimated visually by a microscope or telescope 
with a graticule eye-piece. When the correct volume 
is achieved it is broken off by a current of carrier 

95 Pbase.^^ ^ illustrates another method of forming 
droplets. In this case the reagent (6) Pa«ed mto a 
tube of considerably narrower bore (1 ) than tne 
cross-section of the droplets to be produced. The 
100 tube is graduated relative to the opening (2) of a 

sJde-arm (3). The reagent is passed into the tube to a 
certain graduation (4), whereupon earner phase is 
introduced from the side-arm, thus breaking off a 
droplet of the required size (5). 
105 The volume of a droplet may be measured both 
before and after it is separate by inspecting the 
droplet with a microscope with a graduated eye- 

'*'/7oi/r» 3 illustrates a method of coalescing dro- 
1 1 0 plets, which may be of different sizes. The coalesc- 
ence is effected at a site where two ducts, A and B in 
Rgure 3 merge to form a single duct C, preferbly in a 
Y-confiauration as shown. ^ 

A current from duct B to duct C is produced which 
115 carriesadroplet(l)tothesiteforcoalesc*.ncejh n 
the surface of this droplet protrudes into the space 
where ducts A and B merge, the valves feeding duct 
Ba?e closed. A current from duct A to duct C now 
carries a second droplet (2) past the first, and in 
120 doirlg so the two droplets are pressed together, and 
roalesce to form a single droplet. 

,f either droplet is smaller than the other, then the 
duct through which it emerges should be corres- 
Dondingly narrower. All ducts preferably have 
125 approxfmately the same width as the droplets to be 
u«;Gd in them. ^ . _ 

Fiaure 4 illustrates another method of coalescing 
droplets. The two droplets (1) and (2) are passed 
down a tube until the first reaches, and is restrained 
,30 construction (3). The carrier fluid between the 
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droplets (4) is div ned by a by-pass (5) opening nto 
the^egion between the droplets, and the droplets 
are pressed together and coalesce. In some c.rcums- 
«ncesTs possible to achieve this without a by-pass 
p or ^de arm by having a constriction with an .rregu- 
' °ar o? flattTned cmss section. This prevents the first 
drop I^fmm compeltely blocking ^^^"^^^^^^^^^ 
and allow the carrier fluid between the droplets to 
Sass if a by-pass is used, it should be sufficently 
10 fong and/o'r Harrow to offer a greater res'Stan^^^^^^^^ 
the carrier fluid than the constriction itself. Alterna 
Jveiy the fluid could be sucked f rom bemeen the 
droplets by means of a side-arm 'ead'"9 
si^ arate piston, valve or suction generating compo- 

"%ure 5 illustrates a method f ,2) 

U-tubewhichcontainsasurfact.ngagentwh.ch^^^^ 

prevents merging, and to ""^Ji^rfaS 
If a immiscible carrier phase <=°"«'"'"9 ^3^'"^ 
aaent which encourages merging by means of a 
25 sSTe a^m (4). when the droplets are in position in the 

^7l^ure 6 illustrates a method which re'ies on 

cannot also fit into the cavity and is ^^^^ 
towards the constriction, and is thus pressed against 
the first droplet with which it coalesces. 
■^^ liaures 5 and 6 illustrates the situation where the 
'NropTerafedtnserthan the carrier phase..^^^^^^^^^^^ 
versions may be used if the droplets are less dense 

^^rhrrrr^ementsofthefluidsarepr^^^^^^^ 
40 by connecting the components shown to pistons 
pumps orto reservoirs containing either compress 

gas or partial vacuums. Control is achieved by 
means of conventional valves. 
Regions of the device can be heated by ejectric 

45 circuits or coils or by -^-'^'^^^^^^^'''''^^'Xe 
allow the merged droplets to be incubated at the 
Jeq^red temperature. Solid state heat P^^^^P^^^ow 
used to cool other regions both for '"^uba^on at ow 
temperatures and to allowthe storage in reservoirs 

50 of unstable reagents or samples^ ..^mniiched bv 
Heating and cooling can also be accomplished by 

' l^el'coalescence the constituents of two droplets 
cafbe mixed by moving the resultant ^-plet up and 
55 down a duct, or if necessary by passing it through a 
constriction once or several times. 

Ports can be provided to allow droplets to be 
removed by sucking them into a syringe "eedle^ 
The droplets can also be sucked '"^o « and 
60 transferred .0 any standard °^f;,7^^f' 
or biocherr^ical analysis. Alternat.vely parts oUhe 
doOice itself can be adapted to form "T^P^ 
• chambers of the standard mstruments of chemical or 
Semica. analysis. For example duc.s c- b 
65 formed with two plain transparent walls to form the 



sample chambers of spectrophotometers^neplain 
transparent wall opposite a reflecting surface could 

" Durts"«n also be packed with the materials used 
70 for electrophoresis and chromatography. 
Figure 7 shovw a duct which is adapted for 
elecfrophoresis. The electorphoretic du« 0 ) js pa^^^^^ 

ed with the elctrophoretic material, the «n^P'« be 
separated by electrophoresis is mtroduced by a duct 
75 (2) and merges on one side with the ^"rface of the 
electrophoretic material (e.g. agarose. Po'va^nJ^- 
mide or cellulose), and with a semipermeable mem- 
brane (3) on the other. This semipermeable mem. 
brane encloses a chamber filled ^'ith buffer and 
80 containing an electrode (4) and prov-ded «tha 9« 
vent (5) if required. Another droplet (6) «.'ne'9edto 
Jhe other end of the elctrophoretic "material and to 
another semipermeable membrane and electrode 
assembly (7). A current is passed between the 
85 electrodeswhichcausesthefirstfragrnent^^^^^^^ 
miarate across to the receiving droplet (6). This 
Sopfet is exchanged for another (8) f ej^^P^"*"*' 
allowing the collection of a series of fractions in 

90 '^TSe ability to handle small samples also makes the 
system suited for use with high pressure liquid 

cSJor^itography. The sample can be connected to a 
conventional H.P.LC. system by fine bore tubrng 
The progress of the droplets can be automat cally 
95 monitored by detecting '^f '^^^^ 

propagated through the tube as the droplets pass. 
K two droplets merge the light scattered from a 
beam passing through both droplets w'll suddenly 
decrease. Windows in an opaque coating of the tube 
1 00 can be used, or in cases where information is 
Required from any sites, optic fibres could carr, 
information in the form of light to a central dete^^^^^^ 

in such an automatic system the va ves and pistons 
used would also be operated electrically, under 
105 microprocessor control. 

The preferred method of construction of the 
appara*^^^ is to produce indentations of the appropri- 
ate configuration in the surface of a plate and to 
clamp thl plate against another plate, producing 

second plate may have a planar surface or 
may have indentations, either in the mirror image o 
Se first plate's or in a different configuration. Also it 
s poss ble to produce three dimensional configura- 
1 1 5 ,!ons Where ducts cross over one anothe-, by using 
three or more plates. 

Preferably at least one of the plates should be 
transparent, e g. glass or perspex. for the opera 
visually inspect the Procedures The other plate 
120 mav be Kel-F or Teflon (materials suitable or us 
Zl aqueous droplets) or metal, glass, polyviny- 
Ichloride, polypropylene etc. ^^nduced 
Indentations in a sheet of glass can be prodjoced 
bv masking all areas of the surface with wax and 
125 Sng with hydroflouric acid. Plastics and metals . 

ran be either etched, moulded or machined. 

E.ectrlcarcontacts can be produced by depositing 
a meta coating in the desired configuration on either 
^fThTblocks. Sther by se.ective.y etching a coating 
1 30 or by masking regions of the block during the 
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'Xr^ rXents an exploded view of one 
emiorment'of an apparatus in accordance w.th . he 
invention. This embodiment is capable ^-^'"a 
5 predetermined volumes of tv.o aqueous reagents 
iinripr Sterile conditions. . 
" Th" device comprises a steel base (1 ) supportmg a 
Teflon block (2) in which U-shaped 'ndentat.ons (3J^ 
of the configuration shown have been machmed A 
10 sheet of siliconized glass (4) is pressed aga'nsMh s 
block by a clamp (5) which .s tightened bV "ute (6) 
and bolts (7). The five branches th^.U-sh^P^J 
ducts lead to five stop-cock valves (10). The m.dd e 
and outer pair of these ducts are connected by efion 
15 tubing (9) to reservoirs of the earner P*^^«' -^^^J^.^"^ 
this case is white spirit. The remainmg two branches 
are connected to glass syringes, each conta.n.ng one 
of the two reagents to be mixed. 
Figure 9 represents a plan v.ew of the device of 
20 Figure 8 and uses the same reference """^erals. 
R servoirs (15) and (18) are half-filled with white 
spirH^th the end of the tubing (16) openmg J^^^^^^^^ 
the surface of the white spirit, while the end of an air 
venUIT) opens above the surface. A syringe contam- 
25 ing air (20) is connected to reservoir (19) above the 
surface of the white spirit. The ports serving the 
valves (1 1 ) and (13) lead to two syringes (21 ) and (22) 
^ontatriing the two reagents. The ducts are initially 
filled with white spirit. . 
30 The operating sequence for one cycle is as fol- 

'T' Valves (10), (1 1 ) and (12) are opened. Valves 
*^rtHng:72i%tovedinunti. reagent reaches 

''T'^Se?21)ismoved further by the correct 
amount, pushing a known volume of reagent 
through the constriction (23). 
4 Valve (11) is closed. 
40 s'. Syringe (20) is moved out until the volume 
protruding through the constriction is broken off and 
moves as a droplet towards the Y-Junct.on (24 . 
Va°vS (1 0) is closed before the droplet reaches this 

45 e^'^'v'alves (13) and (14) are opened and a similar 
sequence of events prodces a droplet of the reagent 

from syringe (22). w,«r,iot 

7 Syringe (20) moves out until the droplet 

originating from syringe (22) protrudes into the 

50 ^-Junction. Valve (14) is closed. The PO?.'»'°"^ 

two droplets at this stage are illustrated in F.gure (9). 

8 valve (10) is opened and syringe (20) moves 
out until the droplet of the reactant from sV"nge (21) 
moves into the Y-Junction (24). where it Pressed 

55 against the other droplet causing the two droplets to 

""g'^lf a colour change reaction is involved, such a 
colour change can be recorded immediately or aher 
incubation, using a thermostatically controlled hea, 
60 ing coil (27). The droplet can be discarded by passing 
it into a reservoir (19) of white spirit. 
• If the droplet .s to be analysed using e'«'e''"f ' 
instrumentation, it can be moved to a site opposite 
pon (25). all valves closed, plug (26) removed and 
65 the droplet .moaled and removed t,v a needle and 

SnSOOCiO -OB 20»7»eJ»_'.. 



10 Syringe (20) is disconnected, emptied of air, 
and reconnected, leaving the device primed for 
another cycle of operation. „ „„„ 

70 More complex versions of the system using more 
reactants, and incubating the mixture at vanous 
temperatures are readily possible. It is Poss-ble to 
grow microbes within the droplets, without risk of 
contamination. 
75 In place of droplets larger segments occupying 
some considerable length of duct can be used. 
Contamination can be further reduced by passing 
droplets or larger segments of a cleaning liquid 
which is miscible with the reactant droplets through 
80 the system prior to the passage of the droplets or 
larger segments of reactant. 

This invention may have applications in many 
branches of medicine, chemistry biochemistry 
geology, etc.. especially in procedures which utilize 
85 very small quantities, such as forensic and recom- 
binant DNA work. 



CLAIMS 

qn 1 A method of combining chemical reagents by: 
V dispensing two or more reagents, optionally in 
a solvent phase into a conduit system in the form of 
discrete volumes of liquid, each discrete volume 
beTng separated from each other by an inert .mmisci- 

95 ble liquid and,^^^ .^^.^^.^^^ ^^^^^ 

volumes through the conduit system in such a 
manner that predetermined discrete ^'oj^^^es 
coalesce with each other thereby combining the 
100 -asents^^^^^^ ^^^.^^^ , , 

discrete volumes of chemical reagents are sufficient- 
f; smaltto form substantially sP^^^riPf ' f "P^'*' 
diameters less than the diameters °f/be condu.ts_ 
105 3 A method as claimed in claim (1)mv.h.ch the 
discrete volumes of chemical reagents are 'arge 
enough to be elongated by the walls o the condu.s. 

4 A method as claimed in claims (1 ), (2) and (3) 
in which each of the discrete volumes of chemica 
110 reagents is formed by the passing oJ tb« chemical 
reaaentfrom a conduit into one or both of two 
conducts which have previously been filled with the 
STrt "mmiscible liquid and which converge with the 
"onduTt containing the chemical -gem. ollowe^^^ 
n 5 by the moving of the inert .mmiscibleliqu.d causing 
a segment of the chemical reagent to become 
separTted from the chemical reagent which remains 
in the duct from which the chemical reagent was 

,20 'T'a method as claimed in claim (4, i" which the 
conduit from which the chemical reagent is intro- 
5u«d has a constrict-on at the point where it meets 
fhe fwo conduits which were previously filled with 
In^nTmmiscible liquid, which allows the segment of 
125 the liquid to be mixed to be separated by a less 
povierful movement of the inert immiscible liquid. 
nr»H xA/ith a more predictable volume. 

i meThod asclaimed in claim (4) which the 
volume of the chemical reagent is estimated before 
,30 seS on by assuming said volume is spherical and 



measuring the diameter of such a sphere w.th a 
mfcroscoSe or telescope with a graduated eyep-ece. 
after which an adjustmer^t of said volume may be 
made and said volume separated. 

5 7 A method as claimed in claim (4) m which the 
volume of the chemical reagent that is passed into 
^h^ conduits which were previously filled with inert 
Immiscible liquid is large 
volume occupies a length of said ^o"**"'^^' ^^'f^ 

10 length may be used as a measure of sa-d volume 
prior to the adjustment and separation of said 

'°J;"'a method as claimed in claim (4) in which the 
volume of the chemical reagent that . s passed into 
15 S?e conduits that were previously fiHed with inert 
immiscible liquid is determined by d.sp acmg the 
required volume out of the conduit containing the 
chemical reagent by moving a syringe or P'ston a 
known distance, or by means of a well calibrated 

^° T^ A method as claimed in any preceding claim in 
which the passage of a segment 
is preceded by the passage of a segment of deans 
ing liquid which is miscible with the reagents, but 

25 immiscible with the inert immiscible liquid. 

10. A method as claimed in any previous claim. n 

which surface acting chemical agents Vl^^^^^ 
in the chemical reagents or .n the .mmiscble hqu.d 

30 "ll ""^method as claimed in claim (1 ) in which the 
discrete volumes of the chemical reagents are 
replaced by discrete volumes of liquids containing 
suspended biological micro-organisms. 

12 A method of combining chemical reagents as 
35 claimed in claim (1) substantially as herein described 

with reference to Figures 1. 2, 4. 5 and 6 of the 
accompanying drawings. „„o„t«aQ 

13 A method of combining chemical reagents as 
claimed in claim (1) substantially as herein described 

40 with reference to Figures 3. 7, 8 and 9 of the 
accompanying drawings. 

14 An apparatus for carrying out any of the 
methods carried in previous claims comprising t^o 
plates held in face to face contact, in vvhich one or 

45 both plates posseses a set of indentations on the 
surface to be mated such that closed conduits are 
formed, said conduits being in communication wrth 
reservoirs for at least 2 reagents and an immiscible 

50 "^"b'*' An apparatus as claimed in claim (14) in 
which valves, pumps, ^vringes, pistons or flexible 
she°'s or tubes are used to produce and control the 
mc sments of the liquid components of the system. 
An apparatus as claimed in claim (14) in 
55 which at least one of the plates is transparatent 

17 An apparatus as claimed in claims (14), (15), 
or (16) having three or more plates which allows the 
construction of overlapping and crossing over con- 

60 '^"ie. An apparatus for carrying out the method 
claimed in claim ( 1 ) in which tubular e'ements are 
jo!ned so as to form ,he conduits for the 'n.rod^c"°" 
•of discrete volumes of at least two ^^^<^'"' !;^^-^^^ 
tants. and zones where a. leas, three '^o"^"' J 7/,^'- 

65 which zones allow the coalescence of said discrete 



volumes of chemical reagents. ,,.h^,mo» 

19 An apparatus as claimed in claims n4) or (18) 
which possesses one or move zones for the coalesc- 
ence of discrete volumes of chemical reagents each 

70 zone being characterized by the .Tneeting of at east 
three conduits, preferably in a -Y' or T configurafon 
in the case of three conduits and in which each 
conduit may be of a different width. 

20 An apparatus as claimed in claims (14) or (18) 
75 which possesses one or more zones for the coalesc- 
ence of discrete volumes of chemical reagents, each 
zone being characterized by a constriction in a 
conduit, which constriction is bypassed by a conduit 
which has a diameter comparable to that of the 

80 constriction and which runs from shortly before the 
constriction to shortly after It. ,,A»«,/ia» 

21 An apparatus as claimed in claims (14) or 118) 
which possesses one or more zones for the coalesc- 
ence of discrete volumes of chemical reagents each 

85 zone being characterized by a depression m which a 
discrete volume of chemical reagent is held by 
gravity while another discrete volume is rnoved by 
the inert immiscible liquid towards a nearby open- 
ing, which movement causes the discrete volumes 
90 to become pressed against each other allowing 

coalescence. h>i\^,/iq\ 
22 An apparatus as claimed in (14) or (18) 
possessing conduits with hydrophobic walls for use 
with aqueous or polar chemical reagents. 
95 23 An apparatus as claimed in (14) or 118) 
possessing conduits with hydrophilic walls for use 
with hydrophilic or non-polar chemical reagents. 

24 An apparatus for combining chemical rea- 
gents as claimed In claims (14) or (18) substantially 

100 as herein described with reference to Figures 1, 2, 4, 
5 and 6 of the accompanying drawings. 

25 An apparatus for combining chemical rea- 
gents as claimed in claims (14) or (18) substantially 
as herein described with reference to Figures 3. 7. 8 

105 and 9 of the accompanying drawings. 



New claims or amendments to claims filed on 
21.6.82 

Superseded claims 1-25 
110 New or amended claims:- 

1 A method of combining chemical reagents by : 
l' dispensing two or more reagents, optionally m 

a solvent phase into a conduit system in the form of 
1 1 5 discrete volumes of liquid, each discrete v^'^^e 

bSng separated from each other by an inert imm.sci- 

ble liquid and, ' . 

2 moving the immiscible liquid and discrete 
volumes through the conduit system in such a 

120 manner that predetermined discrete volumes 
coalesce with each other thereby combining the 

A method as claimed in claim (1) in which the 
discrete volumes of.ch mical reagents are suff.cient- 
125 Ismail to form substantially spherical droplets with 
diameters less than the diameters of the conduits^ 

3 A method as claimed in claim (1 ) in which the 
discrete volumes of chemical reagents are large 
enough to be elongated by the walls of the conduits. 
130 T rrSeihod as claimed in claims (1). (2) and 3 m 
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which each of the discrete volumes of chemical 
reag^n^ is formed by the passing of the chemical 
rl^l^from a conduit into one or both of two 
randllZ^^^a^e previously been filled with the 

conduit containing the chem.ca '^'°^„^3tng 
by the moving of the intert ""'"'^^'f '•^"'^f """^ 
a seament of the chemical reagent to become 
separTted from the chemical reagent which remams 
10 fn?heductfrom which the chemical reagentwas 

'T' A method as claimed in claimed in claim (4, in 
which the conduit from which the chemical reagent 
^introduced has a constriction at the PO.ntv.here .t 
15 mlets the two conduits which were PJ^-^^f^^" 
with inert immiscible liquid, wh.ch 
ment of the liquid to be mixed to be separated by a 
less powerful movement of the inert immiscible 
liquid, and with a more predictable ^o\vn^e. 
20 6 A method as claimed in claim (4) which the 
volume of the chemical reagent is estimated before 
separation by assuming said volume is spherical and 
measuing the diameter of such a sphere with a 
mfcroscope of telescope with a graduated eyep^ce, 
25 Ser which an adjustment of said volume may be 
made and said volume separated. 

7 A method as claimed in claim <4) in which the 
volume of the chemical reagent that is passed into 
thi conduits which were previously filled wth inert 
30 immiscible liquid is sufficiently large that said 
volume occupies a length of said <=o;du'«' ^J^^^^ 
length may be used as a measure of said volume 
piror to the adjustment and separation of said 

35 method as claimed in claim (4) in which the 

volume of the chemical reagent that 's passed ,nto 
the conduits that were previously fiUed with inert 
immiscible liquid is determined by displacing the 
required volume out of the conduit containing the 

40 chemical reagent by moving a syringe piston a 
known distance, or by means of a well calibrated 

"T" A method as claimed in any preceding clairn in 
Which the passage of a segment of chem-al reagent 

45 is preceded by the passage of a segment of deans 
ing liquid which is miscible with the reagents, but 
immisible with the inert immiscible liquid. 

10. A method as claimed in any Previous cla-rnm 
which surface acting chemical agents are d ssolved 

50 in the chemical reagents or in the immiscible liquid 

'Tmethod as claimed in claim (1) in which the 
discrete volumes of the chemical reagents are 
replaced by discrete volumes of liquids containing 
55 suspended biological micro-organisms. 

^^ A method of combining chemical reagents as 

Claimed in claim (1) substantially « 
with reference to Figures 3. 7. 8 and 6 of the 

accompanving drawings. ■ ,„=.„onts as 

60 13. A method of combining chemical reagents as 

claimed ,n cla.m (1 ) subs.am.allv as herein described 
with reference to Figures 3. 7. 8 and 9 of the 
accompanying drawings. .,„>,nfthe 
14. An apparatus lor carrying out any of the 
65 methods Claimed in previous claims como-smg two 



plates held in face to face contact, in which one or 
• both plates possesses a set of indentations on the 
surface to be mated such that closed conduits are 
formed, said conduits being in communication with 
70 reservoirs of at least 2 reagents and an immiscible 

''Ts*^" An apparatus as claimed in claim (1) in which 
valves, pumps, syringes, pistons or flexible sheets or 
tubes are used to produce and control the move- 
75 ments of the liquid components SYf tem^ 

16 An apparatus as claimed in claim (14) in 
which at least one of the plates is transparent 

17 An apparatus as claimed in claims (14), (15J 
or (16) having three or more plates which allows the 

80 construction of overlapping and crossing over con- 

^"l8 An apparatus for carrying out the method 
claimed in claim (1) in which tubular elements are 
Sd so as to form the conduits for the introduction 
85 of discrete volumes of at least two chemical rea^ 
gents, and zones where at least three condo ts rneet, 
which zones allow the coalescence of said discrete 
volumes of chemical reagents. ,,.^^,|^o^ 

19 An apparatus as claimed in claims (14) or (18) 
90 which possesses one or more zones for the coalesc_ 

Tnce of discrete volumes of chemical reagents each 
^one being characterized by the meeting of at least 
Tee consults, preferably in a 'Y' or 'T configuration 
in the case of three conduits, and in which each 
95 conduit may be of a different width. 

20 An apparatus as claimed in claims (14) or (18) 

which possesses one or more zones for the coalesc_ 
ence of discrete volumes of chemical reagents, each 
zone being characterized by a constriction in a 
100 conduirwhich constriction is bypasses by a conduit 
wh"ch has a diameter comparable to that of he 
corlstriction and which runs from shortly before.the 
constriction to shortly after It. ,141 or (18) 

21 An apparatus as claimed in claims (14) or 
105 which posseses one or more zones for the coalesc- 

^n fofSrirete volumes of chemical reagents^eacH 
zone being characterized by a depression in which a 
discrete volume of chemical reagent is held by 
gravity while another discrete volume is moved by 
110 ?he inert immiscible liquid towards a nearby open- 
ng which movement causes the discrete volumes 
to become pressed against each other allowing 

•^^TTn'pparatus as claimed in (14) or (18) 
1 1 5 possessing Conduits with hydrophobic w.Hs for use 
with aqueous or polar chemical reagents 

23 An apparatus asclaimedm (14) or (18) 
Dossessing conduits with hydrophilic walls for use 
wUh hydrophilic or non-polar chemical reagents. 
120 24 An apparatus for combining chemical rea- 
gents as clair^ed in claims (14) or ,18) substantially 
as herein described with reference to Figures 1.2.4. 
Band 6 of the accompanying drawings. 

25 An apparatus for combining chemical rea- 
125 gent, as claimed in claims .14, or .18) substantially 
II herein described with reference to Figures 3. 7, 8 
and 9 of the accompanying drawings^ 
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